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ABSTRACT 

Reports of the death of the precursor of Supernova (SN) 1961V in NGC 1058 are exaggerated. 
Consideration of the best astrometric data shows that the star, known as "Object 7," hes at the 
greatest proximity to SN 1961V and is the hkely survivor of the "SN impostor" super-outburst. SN 
1961V does not coincide with a neighboring radio source and is therefore not a radio SN. Additionally, 
the current properties of Object 7, based on data obtained with the Hubble Space Telescope, are 
consistent with it being a quiescent Luminous Blue Variable (LBV). Furthermore, post-explosion 
non-detections by the Spitzer Space Telescope do not necessarily and sufficiently rule out a surviving 
LBV. We therefore consider, based on the available evidence, that it is yet a bit premature to reclassify 
SN 1961V as a bona fide SN. The inevitable demise of this star, though, may not be too far off. 
Subject headings: supernovae: general — supernovae: individual (SN 1961V) — stars: evolution — 

stars: variables: other — galaxies: individual (NGC 1058) — galaxies: stellar 

content 



1. INTRODUCTION 

The evolution of the most massive stars is not well 
known. It is thought that main sequence stars with 
-^^ZAMS ^ 30 Mq proceed through a blue supergiant 
phase, possibly to a red supergiant phase, or straight 
to a luminous blue variable (LBV) phase, and to the 
Wolf-Rayet (WR) phase prior to explosion as super- 
novae (S Ne). That WR stars typically possess M < 
20 Mq (ICrowtheil l200l requires their precursor stars 
to shed most of their mass, presumably through eruptive 
mass ejections a s a LBV (Humphreys fc Davidson 1993; 
ISmith fc OATOckil 120061) . The term "super nova impos 



tor" has been coined (jVan Dvk et al.l [2000D to describe 
these eru ptive events for massive stars , such as rj Cari- 
nae (e.g.. lDavidson fc Humphrevslll997D . This is because 
various observational aspects of the eruptions can mimic 
the properties of true SNe. During rj Car's Great Erup- 
tion in the 1800s, the star greatly exceeded the Edding- 
ton limit, with the bolometric luminosity increasing by 
~ 2 mag. The total luminous output of such an eruption 
(~ lO^'^-lO^o erg) can rival that of a SN. 

However, a SN, by strict definition, is an explosive 
event that ends the life of a star (although a compact 
object may form in the process). If an optical transient 
is observed with energetics comparable to that of a true 
SN, and, after a sufficient period of time has elapsed, 
a star still exists at the exact position of the transient, 
then that transient is a SN impostor. 

The most studied example of a SN impostor, SN 1961V 
in NGC 1058, remains controversial to this day. A de- 
bate has continued as to whether or not this event was a 
true SN. In fact, it is truly impressive how many journal 
pages have been spent on this one object. This includes 
two recent studies, both of which present arguments that 
claim SN 1961V as a genuine SN. We argue here that SN 
1961V is an impostor and that its precursor has survived 



what was a powerful eruption. Many of our points be- 
low were first p resented in our review of SN impostors 
(jVan Dvk fc M:athesoni,20111 

2. SUPERNOVA OR SUPERNOVA IMPOSTOR? 

We only briefly summarize the history of observations 
of SN 1961V and the debate. We encourage the reader to 
peruse the original papers for more detailed discu ssions, 
which include (but are not lini ited to ) [G oodrich et al 
19891) .iHu mphre vs fc DavidsonI (ll994D.lF!lippenko et al 
19951). iHumphrev s. Davidson fc Smith! (I1999D 
Chu et al l (2004), iVan Dvkl (|2005[) . ISmith et al.l 
1201 ll), and Kochanek, Szczygiel, fc Stanek (2011). 
While reading this summary, please keep in mind that 
the most accurate ast rometry inevitably sho ws that 
the source "Object 7" (|Filippenko et al.lfl995l) is most 
coincident with SN 1961V, and that the centroid of 
detected radio emission is offset from this position. See 
Figure [TJ 

The photographic light curve for SN 196 1 V has 

been characterized as ''strange" (jBertolal 119641 : 

[Branch fc GreensteinI I1971D . The progression of 
the o utburst is described by IHumphrevs fc DavidsonI 
(|1994', thei r Table 3) and shown schematically by, e.g., 
[Goodrich e t al.l ()1989 ). Additional ly, the long-term pho- 
tometric monitoring lBertolalll965h of SN 1961V showed 
that its color remained relatively constant, abnormally 
resembling that of an F supergiant {B — V ^ 0.6 mag). 
The SN faded below optical detectability in late 1968. 

The unusual early-time optical spectra were dominated 
by narrow emission lines of H, He I, and Fe ii, with a max- 
imum expansion velocity of only 2000 km s~^ fiZwickvl 
119641 : [Branch fc GreensteinI fl971| ). These spectral at- 
tributes could be considered similar to the characteristics 
of Type lln SNe (SNe Iln, wher e "n" designates "narrow" 
lSchlegellll990l: lFihppenkolll997[) . For both impostors and 
SNe Iln the coincidence of a hydrogen envelope with simi- 
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lar kinetic energies results in spectra with similar appear- 
ance, specifically, strong Balmer lines, typically a narrow 
emission profile (with velocities ~100-200 km s~^) atop 
an "intermediate width" base (with velocities of ~1500- 
2000 km s"^ in the case of the SNe Iln; iSmith et all 
120081) . The narrow component is interpreted as emis- 
sion from pre-shock circumstellar gas. The intermediate- 
width component for SNe Iln arises from interaction 
of th e SN shock with the dense circums tellar matter 
(e.g.. lTuratto et al.|[T99llSmith et al.ll2008 ^. which is ex- 
pected to result in luminous and long-lived radio. X-ray , 
and optical eru ission (e.g., iChevalier fc FranssonI 119941 : 
iChevalied [200l although, see iVan Dvk et all Il996l re- 
garding the radio emission). S ee a recent d i scussi on of 
SNe Iln and their properties bv iKiewe etall (l20T2h . For 
SN impostors, the intermediate- width component of the 
Balmer emission lines are significantly narrower than for 
the SNe Iln, and early-time spectra for SNe Iln generally 
are quite blue, whereas impostors, soon after discove ry, 
can app ear eith e r "hot " or " cool" (ISmith et al.l[20TTI ). 

Both iBertolal (|1964[ ) and [Zwickyj (jl^M) identified a 
TTipg w 18 mag object at the SN si te in pre -SN photo- 
graphic plates of the host galaxy. iZwickvl noted that 
the star exhibited small variations for 23 years prior 
to rising by six magnitudes in a year, "acting similarly 
to rj Carinae...." At the host galaxy's distance (adopt- 
ing 9.3 Mpc, the Cepheid distance to NGC 925, in the 
same "NGC 1023" group as NGC 1058: lSilbermann et al.l 
11996). the presumed precursor star would have been an 



incredible Mr. 



-12 mag, implying it was the most 



luminou s know n star in the local Universe. From this 
lUtrobinI (jl984f ) modelled the SN's peculiar light curve as 
the explosion of an (almost certainly improbable) 2000 
Mq star. 

The hunt for the remnant of this extrao r dinary explo- 
sion began in earnest in 1983, when [Ftesenl ()1985f) identi- 
fied a faint knot of Ha emission very near the SN posi- 



tion, in the easternmost of two Hil re gions (each sep- 
[19891) . IBranch fc Coro^ (11985 ) detected a source of 
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nonthermal radio emission in 1984 with the Very Large 
Array (VLA), also very near the optical SN position. 
iKlemolal (|1986l ) measured a very accurate position (un- 
certainty < O'.'l) for SN 1961V from Lick plates taken 
in 1961, as well as of th e precursor from a plate from 
1937. The conclusion that IBranch fc CowanI reached was 
that the radio emission was from an aging SN, or very 
young remnant, corresponding to SN 1961V. However, 
in very late -time optical spectra fr om 1986 of the SN en- 
vironment, IGoodrich et all (IT989I ) found a narrow (un- 
resolved) Ha emission-line profile atop an intermediate- 
width (w 2100 km s^i FWHM) base, at the SN position. 
From a compar ison with the properties of known LBVs, 
IGoodrich etall concluded that SN 1961V was not a true 
SN, but instead was a possible "ry Car analog." Com- 
paring the Ha emission they detected from SN 1961V to 
that from rj Car, they argued that the survivor of a 1961 
super-outburst lies behind behind high circumstellar ex- 
ti nction of Ay » 5 mag. 

iFilippenko et al.l ()1995l ) subsequently obtained VRI 
images of the SN field in 1991 with the pre-refurbishment 
Hub We Space Telescope (HST) Wide-Field/Planetary 
Camera-1 (WF/PC-1), detecting an apparent cluster of 



10 stellar-like objects, all within ~5". From those rela- 
tively low-quality data, they isolated "Object 6" in the 
cluster (see Figure [Ij as the likely survivor of the 1961 
super-outburst, although other stars in the environment 
could not be completely excluded ba sed on the positions 
of these stars as measured by Filipp enko et al.l Object 6, 
with V w 25.6 mag, has colors consistent with a red su- 
pergiant, possibly as a result of substantial dust {Ay ~ 4 
mag). 

If SN 1961V were the giant eruption of an ij Car 
analog, this still could not account for the non- 
thermal radio emission; rj Car itself, for exam- 
ple, is a therm al bremsstrahlung radio source (e.g., 
iCox et all 119951 ). F rom subsequent VLA o bservations 
in 1999 and 2000 iStockdale erall ()200lD confirmed 
the p resence of nonth ermal radio emission. Further- 
more, IStockdale et al.l claimed that the source had de- 
clined in fiux since t he previous radio observations 
([Branch fc Cowanlll985[) . They inferred, once again, that 
SN 1961V is a fading, co re-collapse radio SN. I f the radio 
source were the SN, then lVan Dvk et al.l ([2002D identified 
in shallow, archival HST Wide Field Planetary Camera 
2 (WFPC2) images from 1994 and 2001 a fainter, red, 
possible optical counterpart in the environment, "Ob- 
je ct 11." 

iChu et all ([2004D obtained HST Space Telescope Imag- 
ing Spectrograph (STIS) G430M and G750M grating 
spectra, along with an unfiltered 50CCD image, of the SN 
environment in 2002. They expected to detect emission 
lines, such as [O ill] A5007, with high velocities, > 2000 
km s ~^, from an old S N, e.g., as seen from SN 1957D 
(e.g., [Long et"aI1ll992[ ). Furthermore, if there were an 
old core-collapse SN in the field, detectable optical emis- 
sion should accompany the nonthe rmal radio emission, as 
is the c ase general ly for SNe fe.g.. IChevalier fc FranssonI 
119941 ). iChu et all instead detected exactly one bright 
emission line, i.e.. Ha, from exactly one point source 
within the 2 "-wide slit. They measured a line width 
for the broad profile of ^550 km s~^ full width zero 
intensity. To an astrometric accuracy of '^0'.'25 using 
the STIS data, Chu et al. attributed the spectrum to 
Object 7, due to its c oincidence with the SN optical po- 
sition (|Klemolalll986( ). They compared the Ha line to 
that of r] Car and concluded that this star is a possible 
LBV in the field. However, given the presence of the non- 
thermal ra dio emission , assumedly associated with an old 
SN 1961V. [Chu et al.l did not directly associate Object 7 
with SN 1961V, except as a possible binary companion 
t o the SN's p rogen itor. 

IVan Dvkl (pOOl and IVan Dvk fc MathesonI (poTTh 
summarized and countered several of these arguments 
above, continuing to maintain the impost or status for 
SN 19 61V. However, recent l y, twp studies, ISmith et al.l 
([20 111) and lKochanek et al.l (201 ID . have concluded that 
SN 1961V was n ot an impostor, but, instead, a bona fide 
SN. ISmith et al.l base their conclusion on the relative en- 
ergetics of the event and its apparent overall similarity to 
the SNe Iln, specifically the narrow emission-line widths 
and slow and unusual light curve. These authors argue 
that the high peak luminosity and high expansion ve- 
locity make it problematic for SN 1961V to conform to 
other presumed SN impostors and known LBVs. They 
argue that the light curve is consistent with the superpo- 
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sition of a normal Type Il-Plateau SN light curve and a 
SN Iln-like light curve, with additional luminosity arising 
from enhanced interact ion at late times with an existing 
circumstellar medium. iKochanek et alJ rely almost en- 
tirely on an analysis of the mid-infrared dust emission 
in the SN environment. Their hypothesis is that, since 
the prediction is that a LBV survivor of SN 1961V would 
be cloaked by 4-5 magnitudes of visual extinction, this 
dust shell should be easily detectable in the thermal in- 
frared (IR) as an IR rj Car analog. The lack of detectable 
mid-IR emission at the SN position led [Kochanck ct al] 
to conclude that SN 1961V must have been a true SN, 
which has now faded below optical detectability. 

3. OBSERVATIONS OF SN 1961V 

There have been multiple observations of SN 1961V 
at a wide range of wavelengths in the last fifty years. 
Depending on the assumptions used in interpreting these 
data sets, one can come to several plausible conclusions. 
Here, and in §[4l we make the case that the overall picture 
across the electromagnetic spectrum is simpler and more 
consistent with SN 1961V as an eruptive LBV. 

3.1. Radio Data 

We obtained from th e VLA data arch i ve the 6 cm data, 
originally collected bv iStockdale et ahl (|2001[ ). and pro- 
duced a map using standard routines in NRAO's As- 
tronomical Image Processing System (AIPS). We ob- 
taine d from the HST archive the STIS 50CCD image 
from iChu et ahl (|2004f ) and applied a very accurate as- 
trometric grid, ±0'.'02 in both right ascension and decli- 
nation, to the image, using the tasks geomap and geotran 
in IRAE0. We then registered this image to our version of 
the radio map. This analysis first appeared in lVan Dvkl 

dloos). 

The radio emission overlaid on the HST image is shown 
in Figure [H The objects from iFilippenko et al.l (|1995[ ) 
and lVan Dvk et all (f200^ are labeled in the figure. We 
place the accurate optical absolute position of SN 1961V 
(jKlemolal [19861 ) in the fi gure as well. It is clear from 
the figure that the o ptical SN positio n is most coinci- 
dent with Object 7 ()Chu et alT 120041 also pointed out 
this positional coincidence). However, the centroid of 
the radio sourc e , whi ch both iCowan et al.l (|1988[ ) and 
IStockdale et al.l (|2001| ) claim to be associated with the 
SN, is significantly displaced, by ^ Of! A southeast (i.e., 
> 4(t), from the optical position. 

Furthermore, the nonthermal radio emission does not 
appear that well correlated with the stellar objects in the 
environment. Instead, we consider it far more likely that 
it is emission associated with what appears to be a com- 
plex, turbulent interstellar medium. Note the "finger" 
of radio emission that extends to the northeast from the 
main central concentration of emission, which appears to 
follow the arcs of nebular emission seen in the STIS image 
toward the centra l cluster of stars. The unfiltered STIS 
image (jChu et al.l 1^004). which clearly includes nebular 
emission lines, alludes to such a spectacular interstel- 
lar environment (which is very conspicuous as being the 

^ IRAF (Image Reduction and Analysis Facility) is distributed 
by the National Optical Astronomy Observatory, which is operated 
by the Association of Universities for Research in Astronomy, Inc., 
under cooperative agreement with the National Science Founda- 
tion. 



most optically luminous extranuclear emission region in 
the host gal axy) . This is the "easte rn Hli region" from 
iFesenI ()1985l : also lCowan et al.lll988D seen at much higher 
spatial resolution. 

Additionally, our fiux density measurement from the 
2000 radio 6 cm data is 0.091±0.0 05 mJy. Corn paring 
this to O.lliO.03 mJy from 1986 (jCowan et al.l ll9881. 
it is not entirely obvious that the radio flux density 
had, in fact, ac t ually declined in that time interval, as 
IStockdale etall (|2001[ ) claimed. Therefore, we consider 
it to be quite convincing that the radio emission is not 
that of a fading radio SN, nor does the radio emission 
have any direct relation at all to SN 1961V. 

3.2. HST Optical Data 

We have analyzed archival HS'T/WFPC2 images, 
specifically of SN 1961V, obtained in 2008 August by 
program GO-10877 (PI: W. Li). These are exposures 
of 360 sec total in F555W and 800 sec total in F658N 
(the HST narrow band that includes Ha at approxi- 
mately the host galaxy redshift). The images are shown 
in F igure |2l The stars that are visibl e in the figure 
from IFili ppenko et al. (1995) and Van D vk et al.l (|I002), 
again, are labeled. Admittedly not of the highest signal- 
to-noise ratio (S/N), it is clear from the figure that Ob- 
ject 7 is well detected in both bands (at 5.7(7 in both 
F555W and F658N). In fact. Object 7 is the solitary 
Ha source in the immediate central cluster. Object 10 
(which from Figure [T] is most likely an emission region) 
and possibly another, unnumbered object to the north- 
east of Object 7, are the only other detected point-like 
sources in that image. 

We measured ph otometry for these images using the 
routine HSTphot (jDolphini [2000al lbl). which automati- 
cally accounts for WFPC2 point-spread function (PSF) 
variations and charge-transfer effects across the chips, 
zeropoints, aperture corrections, etc. HSTphot was run 
on both bands with a 3a detection threshold. Object 
7 is detected at mpsssw = 24.70 ± 0.19 and tof658N = 
20.45 ±0.19 mag. 

We can compare the tof555W measurement for Object 
7 from these 2 008 data with th a t from the WF/PC-1 
observations bv IFilippenko et ahl ()1995D . i.e., mpsssw — 
24. 22 ±0.07 mag, and the WFPC2 F606W measurement 
bv iVan Dvk et all (|2002D . i.e., mpeoew = 23.84 ± 0.14 
mag. Furthermore, we can measure the brightness of 
Object 7 from the archival STIS 50CCD image (nor- 
malizing to a 24-pixel-radius, or l'.'2-radius, aperture, 
which includes 100% of the encircled energy, following 
the online STIS Instrument Handbook) , adopting the ap- 
propriate zero point for the clear (CL) bandpass from 
iRejkuba ct al. (2000), and find mcL = 24.41 ± 0.04 
(which is ^V, if we assume V — I ^ 0.5 mag). Although 
it is likely that we cannot directly compare observations 
made with HST with different detectors and different 
bandpasses to better than ~10%, the mpsssw and mcL 
all agree relatively well, while the mpeoew differs pretty 
significantly from the others. Howeve r , we h ave checked 
the photometry from IVan Dvk et all (|2002l ) by running 
the images they analyzed through the most recent ver- 
sion of HSTphot and obtain mpgoew = 24.44±0.19 mag. 
This is quite different from the original, published value, 
but is far more in line with both of the rnpsssw mag- 
nitudes. (We cannot readily explain why HSTphot now 
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produces a significa ntly different result than found by 
I Van Dvk et al.il2002l ) All-in-all, the ~ V magnitudes for 
Object 7 are consistent, although we cannot complete 
rule out some variability or gradual fading of the source 
over nearly the last two decades. 

We also obtained the STIS spectral data (iChu et alJ 
l2004f ) from the HST archive and re-extracted the spec- 
trum using standard STSDAS routines within IRAF. The 
portion of the spectrum including Ha is shown in Fig- 
ure [3l Although the spectrum is noisy, both a broad and 
a narrow component to the line are quite evident. 

3.3. Spitzer Mid-Infrared Data 

Similarly to iKochanek et al.l (|2011[ ) , we analyzed the 
archival mid-IR data for NGC 1058, obtained using the 
Spitzer Space Telescope with both the IR Array Cam- 
era (IRAC; 3.6, 4.5, 5.8, and 8.0 /xm) and the Muhi- 
band Band Photometer for Spitzer (MIPS; we analyzed 
the 24 /im data only). We considered the observations 
using both instruments from 2004 (GTO program 69; 
PI: G. Fazio) and from 2007 (GO program 40619; PI: 
R. Kotak), and assuming no variability for SN 1961V 
between these two epochs (if actually detected), we com- 
bined the data from these observations for each of the 
bands. The data we analyzed corresponded to pipeline 
versions S18.7 for IRAC and S18.12 for MIPS. We used 
the MOPEX (Mosaick i ng and Point source Extr action; 
iMakovoz fc Khanl l2005':'Ma kovoz fc Marleaull2005[ ) pack- 
age provided by the Spitzer Science Center to mosaic 
the individual Basic Calibrated Data (BCDs; in fact, for 
IRAC we used the artifact-corrected CBCDs) to produce 
a single image mosaic in each band (for both IRAC and 
MIPS, we left the first frame out of each set of observa- 
tions when mosaicking, since it often has a far shorter 
exposure time than the rest of the BCDs and therefore 
adds mostly noise to the mosaic). We also applied the 
array location-dependent photometric corrections to the 
IRAC CBCDs within MOPEX, although, given the num- 
ber of CBCDs and the adequate redundant coverage, this 
correction was not particularly important in the end. Al- 
though emission in all bands is detected from the en- 
vironment of SN 196 1V, the emission in th e resulting 
mosaics is diffuse. As IKochanek et al.l ()2011t ) point out, 
neither Object 7 nor any of its immediate neighboring 
sources are detected in any of the Spitzer bands. Object 
8, which is well separated from the SN 1961V position, 
dominates the emission from the environment at 8.0 fi. 
At 24 iim the spatial resolution is too poor to resolve 
which source, or sources, is the primary emitter in the 
environment. There is little point in analyzing the rela- 
tively low-resolution, low-sensitivity 70 /im data for the 
host galaxy. 

We then used the routine APEX (Astronomical Point 
source Extractor) Single Frame, with the "user list" in- 
put option, within MOPEX to perform aperture photom- 
etry at the exact position of SN 1961V. For the IRAC mo- 
saics we used a 3.0-pixel-radius aperture, with an annulus 
for sky subtraction of radius 12.0-20.0 pixels, computing 
the sky background using the mode within the annulus. 
For the MIPS 24 /Ltm mosaic we employed a 1.22-pixel- 
radius aperture, with sky annulus of radius 8.16-13.06 
pixels. We applied the aperture corrections for the IRAC 
bands for our aperture /annulus configuration from the 



online IRAC Instrument HandboolQ). To determine the 
correction for the MIPS aperture, we had also performed 
point response function (PRE) fitting photometry on the 
mosaic. We considered the PRE fluxes of the two bright- 
est stars, seen in the mosaic well away from the body 
of the galaxy, as "truth." We then computed the ratio 
of the fluxes measured for these two stars through our 
aperture/annulus configuration and the PRE fluxes, i.e., 
4.0:1.0, and corrected the aperture flux at the SN 1961V 
position by this ratio. All of these upper limits to the 
detection of SN 1961V are shown in Figure [D (Since 
these are only upper limits, we dispensed with applying 
color corrections to both the IRAC and MIPS photom- 
etry.) Our limits are c omparable to, al t hough generally 
higher than, those that IKochanek et al.l ()201lD have esti- 
mated. The pertinent values with which to compare are 
those in their Tables 2 and 3, labelled "SN1961V area" 
(particularly, their 3'.'6-radius aperture measurements for 
IRAC), i.e., <0.026, <0.022, <0.079, <0.230, and <0.265 
mJy (ours) versus <0.023, <0.016, <0.069, <0.207, and 
<0.226 mJy (theirs), at 3.6, 4.5, 5.8, 8.0, and 24 /xm, 
respectively. 

4. ANALYSIS 

One of the assumptions made bv [Kochanek et "aD 
()20lH ). as wefl as by Smith et al.l (|2011l : and bv ear- 
lier authors), is that the object detected in photo- 
graphic plates back to the 1930s, prior to the 1960 
"S Dor-type eruption" (jHumphrevs fc DavidsonI I1994D 
and the 1961 luminous event was, in fact, the qui- 
escent progenitor. We are now increasingly skeptical 
of this, and, instead, we flnd it far more compelling 
to presume that the precursor star was already in a 
state of sustained outburst prior to the more energetic 
eruption in the 1960s (see also iGoodrich et al.l 119891 : 
iHumphrevs. Davidson, fc SmithI I1999D . Clearly, this is 
difficult, if not impossible, to prove, due to the nonex- 
istence of observations prior to the first available plates. 
However , the i? — V color (~ 0.6 mag) measured by 
lUtrobinI ()1987f ) from the 1954 Palomar Sky Survey plates 
is essentially th e same as the c olor during the outburst in 
1961 and 1962 (Bertola"1965D, and is the expected color 
of a L BV in an "eruptive state" (jHumphrev s & D avidsonI 
119941 ). Furthermore, when the object was in its pre- 
outburst state at rupg « niB — 18 mag, even assum- 
ing only Galactic fo reground extinction {Ay = 0.2 mag; 
iSchlegel et all 11998*) . it had Mboi ~ -12.6 mag, which 
is well ab ove the modi fied Eddington limit, Mboi — —11 
mag (e.g.. lUlmer fc Fitzpatricld [l998f ) . The implication, 
therefore, is that the star was already super-Eddington 
in the decades leading up to the giant outburst. If Object 
7 had an initial mass of ~ 55-85 Mq (see below), then 
its present -day mass would be ~ 25-40 Mq (from the 
models by iMevnet fc Maedeil I2003D and, at its inferred 
present-day luminosity, ~ ^O^'*"^'^ Lq (see below), the 
star may be currently just at the Eddington limit for its 
mass. 

We analyzed the STIS spectrum of Object 7, shown 
in Figure [3l by fitting the profile of the Ha emission 
line with a pair of Lorentz profiles, one broad and one 

http:/ /ssc. spitzer. caltech.edu/irac/iracinstrumenthandbook/, 
Table 4.7. 
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narrow, using the routine LMFIT within IDlQ- The cen- 
tral wavelengths, Accn, for each of the profile components 
were allowed to roam during the fit. The resulting pa- 
rameters are Accn = 6580.78±0.80 A and 7 = 6.83 ±1.45 
A for the broad component, and Acen = 6579.19 ±0.04 A 
and 7 = 0.40 ± 0.04 A for the narrow component. (The 
term 7 is the HWHM scale parameter for the function.) 
The model fit is also shown in the figure. The velocity 
width of the broad component is then ^311 km s~^. The 
overall profile is asymmetric, as reflected in the slightly 
different Accn for the two components of the fit, with the 
profile appearing somewhat broader toward the red wing 
of the line than toward the blue wing. 

The uncertainties in the 2008 F555W and F658N mag- 
nitudes for Object 7 are appreciable, and, unfortunately, 
no other recent broadband HST images exist to provide 
us with direct color information for the star (the SN 
1961V environment is not detected in the F450W and 
F814W observations from 2007 by program GO-11119, 
PI: S. Van Dyk). Nonetheless, we attempt to produce a 
physically plausible and reasonably self-consistent model 
for Object 7 as an extinguished luminous blue emission- 
line star. We included the model emission line together 
with the n iodel spectra of blue supergiants at LMC 
metallicity (iKochanek et al.ll2011l consider the SN envi- 
ronment to be subsolar) . The model supergiants were 
those from fKuruc^ (|1993l ) within the STSDAS routine 
SYNPHOT in IRAF. Since the star has apparently de- 
clined in brightness only slightly over the years, we make 
the assumption that the star's colors (in the WF/PC- 
1 bandpasses) have not varied from those measured in 
1991, i.e., mF555W - mF702W = 0.91 ± 0.09, mpsssw - 
"IF785LP = 0.50 ± 0.18, and mF7n2w - ™f7srt,p = 
-0.41 ±0.18 mag (see lFilippenko et al.lll99l their Table 
4). The coolest effective temperature (spectral type) the 
star could have, and still be responsible for photoionizing 
a putative surrounding nebula from which the Ha emis- 
sion arises, is Tcff — 30000 K. We allowed the model to 
be as hot as Tcs = 40000 K, approximately the highest 
effectiv e temperature that supergiants in the LMC can 
attain (jMassev et al.ll2009[) . 

We allowed the extinction to the model st a r also 
to vary, assumed a iCardelli. Clayton, fc MathTsI ()1989f ) 
Galactic reddening law, corrected the model to the red- 
shift of the host galaxy, and normalized the model to the 
WF555W observed in 2008, ah within SYNPHOT. In order 
for the resulting photometry from the model star to be 
constrained by the uncertainties in the WF/PC-1 colors, 
the assumed extinction could only vary from Ay ~ 1.8 
to 2.3 mag. One of the most important aspects of the 
model is that we can synthesize the observed F658N mag- 
nitude, without any further normalization, exactly. This 
is irrespective of the assumed temperature or extinction 
for the model, since the Ha emission line dominates the 
model's overall spectral energy distribution (SED). 

The synthetic V magnitude of the model for Object 7, 
for the range of temperature and extinction, is 24.77. 
For the range in extinction to the star and the dis- 
tance to the host galaxy, this is a physically realistic 
My ~ —6.9 to —7.4 mag. (Note that this is quite compa- 
rable to the My — —7.4 mag brightness for the precursor 

^ IDL is the Interactive Data Language, a product of Research 
Systems, Inc. 



of the modern impo stor prototype, SN 1997bs in M66; 
I Van Dyk et al.|[2000[ ). Integrating over the flux in the 
star models, after correcting for extinction and the dis- 
tance to the host galaxy, we find that the bolometric lu- 
minosity is Lboi — 1O'^^'^~^'^^L0. This range corresponds 
to bolometric magnitudes of Mboi — —9.8 to —10.8 (as- 
suming Mboi(0) = 4.74 mag). The inferred range in 
bolometric corrections, BCy — —2.9 to —3.9 mag, is 
comparable to the BCy found for 0-ty pe supergiants 
at LMC metaUicity (jMassev et al.ll2009() . We show the 
range in the hypothetical properties for the model star 
in Figure [5l In the figur e we also show mas s ive st ellar 
evolutionary tracks from iLeieune" fc SchaereH (pOOl for 
subsolar metaUicity {Z = 0.008) at 120, 85, and 60 Mq. 
It appears that the locus of Object 7 is of a star with ini- 
tial mass ~ 55-85 Mq near the point in the track where 
the star would evolve to the WR phase. Note that our 
model sta r is nowhere near as lurninous , or as massive, 
as 77 Car (|Humphrevs &: Davidsonl[l994t cf. their Figure 
9). 

The observed F658N brightness corresponds to an in- 
tegrated flux in the model Ha emission line, F^a — 
6.3 X 10^^^ erg cm^^ s"^. Correcting for the host galaxy 
distance and the range of possi ble extinction, and also 
assuming Ahq = 0.81 Av (e.g.. lParker et al.lll992[ ). the 
Ha luminosity is in the range of L*^^ ~ 2.5 - 3.6 x 10^^ 
erg s~^. This is roughly comparable to the quiescent, 
although var iable, luminosity y 1.4 x 10^^ erg s~^, 
for rj Car A ([Martin fc Koppelrnajil 120041: their Figure 5 
— we have assumed the flux from that figure near max- 
imum, i.e., ~ 6 X 10~® erg cm~^ s~^), assuming the dis- 
tance to 77 Car of 2.3 kpc and Ay ^ 1.7 mag to the 
central star ([Davidson fc Humphrevsl[l997[ ). 

The ionizing fluxes (in cm~^ s~^) from our model star 
would be log go ~ 23.5 for T^ff = 30000 K and logqn — 
24.3 for Tefi = 40000 K ([Martins. Schaerer. fc Hillieii 
l2005f ). From the bolometric luminosity, above, the star 
would have a radius of i? ~ 34 i?© for 30000 K and 
~ 23 i?0 for 40000 K. The number of Lyman contin- 
uum photons is then in the range of ~ 2.2-6.6 x 10''^ 
s^^. For Case B recombination, assuming an electron 
density rig 10^ cm~^ and ae — 3 x 10^^"^ cm'^ 
s~^, the Stromgren sphere for the star would be in the 
range ~ 3.9-5.6 pc. If the putative nebu la around the 
star had been ejected at 2000 km ([Zwickvl Il964l : 
[Branch fc Greensteinlll97l1 : from a trace of the Ha pro- 
file of the 1962 spectrum shown in Zwicky's Figure 2, 
we confirm that the FWHM of the line is ~ 4675 km 
s~^, indicating that Wexp ~ 1986 km s~^) in an erup- 
tion that began at the end of 1960, then by 2008 Au- 
gust (the date of the most recent HST observations) 
the nebula would have expanded to i?ncb — 3.0 x 10^^ 
cm, or c± 0.1 pc. The nebula would therefore be easily 
photoionized. If we consider i?ncb to be the Stromgren 
sphere radius, then the density of the nebula is proba- 
bly more like Ue — 2.5-4.4 x lO'' cm~^. We note that 
this is several orders-of-magnitude less dense than the 
Tie > 10 cm ""^ limit placed on SN 1 961V 's ejecta during 
outburst by [Branch fc GreensteinI ([19711 : based on the 
lack of observed [Fell] lines), implying that the density 
has, naturally, declined as the ejecta have expanded over 
the decades. We also note that, assuming rig, above, and 
a more likely value for i?ncb (which we estimate below), 
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we find that L'^^ ~ 6.7 x 10'^^ erg s~^, which is compa- 
rable to, yet about a factor of two larger than, what is 
observed; however, this also assumes a 100% recombina- 
tion efficiency. The fact that the two estimates for the 
luminosity from the nebula are close lends credence to 
the combination of our estimates for the nebular radius 
and density. 

We can use the relation between the ionized gas mass 
in the nebu l a and the (extinction-correcte d) Ha flux from 
INota et al.l ()1992l: who adapted this from lPottas"cblll980l 
his Equation 5), 

M„eb(MQ) = 3.87- (FHa[10-"erg cm-^s"!]) x 

(i^[kpc2])2(Te[104 K])0-85(n,[cm-3])-i (1) 

and assuming an electron temperature Tg ~ lO** K, and 
the ranges in both rig and extinction, above, this results 
in M„eb ~ 8-12 Mq. If this nebula has been expanding 
at Wcxp — 2000 km s~^, the resulting energy would be 
^-kin = |AfncbWcxp ~ 10^°-^ erg. Assumiug the conver- 
sion efficiency from kinetic to radiative energy is 10%, 
this can straightforwardly account for the to tal energy, 
« 10^^-^ erg, that Humphreys et al. (|1999D estimated 
both 77 Car and SN 1961V had radiated during their mu- 
tual eruptions. 

In their analysis, IKochanek et al.l (j201lD produced 
model SEDs for the mid-IR emi ssion from a putative 
eruption survivor using DUSTY flvezic & Elitzur"'1997!; 
Ilvezic. Nenkova. fc Ehtzuil 119991 : Elitzur & Ivczic 2001), 
assuming graphitic a nd silicate dust with properties from 
IDraine fc Led (jl984D . IKochanek et al . assumed a spher- 
ical shell with an inner radius of ~ 1.3-1.5 x 10^^ cm 
(which we show, below, is nearly a factor of two too 
small), and normalized the emission from the DUSTY 
models to a survivor brightness oi V — 2A mag (which 
we have shown, above, is nearly a magnitude too bright). 
Their preferred scenario included an input source for 
the models having a temperature of 7500 K, which 
agr ees with the co lors for the object in 1954 measured 
by lUtrobinI (|1987l ). The luminosity for the illuminat- 
ing source at the shell's center, ~ 10^'^ i©, is, 
then, nearly an order-of-magnitude more luminous than 
what we have found for O bject 7. These assumptions 
made by IKochanek et al.l result in a dust shell with 
Av ~ 6-11 mag, which is con siderably higher than 
even the estimat e s mad e by [Goodrich et al. (1989) and 
iFilippenko et al.l ()1995l ) of ~ 4-5 mag, let alone the far 
more modest Ay — 1.8-2.3 mag that we contend, above, 
is more likely for the sur vivor . 

IKochanek et al.l ()2011h further argue that, even if one 
were to assume a model more similar to the quiescent 
LBV model which Goodrich et al.l ()1989[ ) assumed (and 
to what wc find likely to be the case for Object 7), i.e., 
= 30000 K, w 10" Lq, and Ay ~ 2 mag (corre- 
sponding to optical depths ry — 2.5 and 4.5 for graphite 
and silicate dust, respectively, input into DUSTY), the 
resulting mid-IR emission would still be comparable to 
the emission from Car. That is, it would still be much 
higher in luminosity than the constraints imposed by the 
Spitzer data would allow (see their Figure 6). Again, 
these models were also normalized at nearly a magni- 
tude brighter at V than what we have found for Object 
7. 



In spite of possibly inappropriate assumptions for the 
dust modeling, no reason exists in the first place to ex- 
pect that SN impostors should generally be as dusty and 
as luminous in the mid-IR as 77 Car. In Figure [4] we show 
the mid-IR fluxes we have have measured fro m Spitzer 
archiv al data and presented in iVan Dvk fc M athcsonI 
()201H) for several SN impostors: SN 1954J/Variable 12 in 
NGC 2403, SN 1997bs, SN 1999bw in NGC 3198, and SN 
2000ch in NGC 3432. We have adjusted the fluxes for afl 
of these SN impostors to the distance of SN 1961V. For 
SN 1954J we have measurements from 2004 at 3.6 and 4.5 
fim, but the flux in these bands may result from cool su- 
pergiants in that imp ostor's immediate environment (see 
IVan Dvk et "al|[200l : additionally, we obtain only upper 
limits to the emission at 5.8-24 /im. SN 1997bs is de- 
tected in 2004 only at 3.6 and 4.5 fim and is too confused 
in the longer-wavelength Spitzer bands. SN 1999bw was 
quite luminous in the mid-IR in 2004 (as shown in Fig- 
urelH), but subsequen tly faded in 2005 and 2006 (see also 
iSugerman et al.ll2004[ ). SN 2000ch may stifl have been in 
outburst when the Spitzer obser vations of its host galax y 
were made in 2007 and 2008 (iPastorello et al.l \201($ }. 
so a direct comparison with the quiescent SN 1961V is 
not warranted. Although none of these SN impostors 
was as luminous during eruption as SN 1961V (we note 
that the impostors ar e a di verse group of obj ects; e.g., 
IVan Dvk fc MathesonI [20III: iSmith et al.ll2011l) . one can 
see that the SEDs, or limits to the SEDs, for all of these 
impostors are less luminous in the mid-IR than 77 Car 
(we show in Figur e m the SED of r/ Car, as detected by 
iMorris et al.l 119991 with the Infrared Space Observatory, 
scaled to the distance of SN 1961V). In particular, the 
detections and upper limits to the emission at the site 
of SN 1954J, which occurred nearly a decade before SN 
1961V, are entirely consistent with the upper limits for 
SN 1961V. The oldest of the known SN impostors, rj Car, 
may simply be an "oddball," in terms of the dust content 
of its Homunculus and its luminous mid-IR emission. 

Furthermore, as we have already all uded to, we be - 
lieve that the dust modeling by Kocha nek et al.l ()2011l ) 
does not include the full range of complicating, but real- 
istic, components. In particular, applying the interstellar 
graph ite and silicate dust properties from IDraine fc Le^ 
()1984() may not be appropriate for a LBV nebula. Evi- 
dence exists that the dust in these shells may be domi- 
nated by amorphous silicates, which we would expect for 
0-rich LBV nebulae enhanced in CNO-burning pr oducts 
(jUmana et al.l 120091 : see also iLamers et al.lll996[ ). We 
have therefore created two dust shell models, also us- 
ing DUSTY, one with Fe-free Mg2Si04 (forsterite) and 
the other with the olivine MgFeSi04, which span es- 
sentially the range in expected optical depth for amor- 
phous silicates in the wavelength range of interest. 
We have input to DUSTY the opti cal constant s frorn . 
iJager et al.l (I2003D fo r the former and lJager et~aLl Hl994f ) 
and iDorschner et al.l (|1995D for the latter. If we assume 
material densities p = 3.3 g cm~^ for Mg2Si04 and 3.7 
g cm~^ for MgFeSi04, we flnd opacities at V oi Ky — 7 
cm2 g-i for Mg2Si04 and ~ 3032 cm^ g-i for MgFeSi04 
(with Ky — 3(5abs/4pa, where Qabs is the dust absorption 
coefficient and a is the grain radius). 

Additionally, if we infer from the SN 1961V light curve 
that the outburst ended sometime in 1962, then the ex- 
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pansion at 2000 km from this end date to the mid- 
date of the Spitzer observations, i.e., early 2006, leads to 
an inner radius for the dust sphere of Rin — 2.7 x 10^^ 
cm. If we also assume that the outburst commenced, 
roughly, at the end of 1960, then it effectively lasted for 
~2 yr, and the shell t hickness A R ~ 1.3 x 10^^ cm, or 
AR/Rin =i 0.05. f As IWsl l2Q03l has shown, the thick- 
ness of observed LBV nebulae, e.g, in t he LM C, is gen- 
erally >10%; yet, as iKochanek et al.l 120111 point out, 
the DUSTY models are relatively insensitive at these 
radii to the choice of shell thickness, and we find lit- 
tle difference in the results if we set AR/Rin > 0.05.) 
If the mass of the gaseous nebular shell is AfghoU — 
10 Mq (see above), then, assuming a dust-to-gas ra- 
tio of 1/100, the shell's dust mass is Mdust — 0.1 Mq, 
which, for optical depth ry = SMdust^v /4:TrR'^^^^^ and 
-Rshcii = -Rin, results in ry ~ 0.004 and ~ 0.6, respec- 
tively (which correspond in DUSTY to 0.133 and 1.083, 
respecti vely). Finally, we assume for the D USTY mod- 
eling a IMathis. Rumpl. fc NordsiecS ()1977l ) dust grain 
size distribution (with index q = 3.5) and that the den- 
sity distribution in the spherical shell around the cen- 
tral source varies oc r~^. If we represent Object 7 in 
DUSTY as a T^s = 30000 K blackbody with luminosity 
L « 10® Lq, then the dust temperatures at the inner and 
outer edges of the shell are approximately 149 and 127 K, 
respectively, for the Mg2Si04 model, and approximately 
196 and 115 K, respectively, for the MgFeSi04 model. 

Clearly, the values of Ty for amorphous silicates in the 
shell are significantly smaller than those stemming from 
our assumed range in exti nction. Ay = 1.8-2.3 m ag (and 
are far smaller than what IKochanek et al.l 120111 assumed 
for their primary scenario). As we have already empha- 
sized, above, it is not necessary to presume that any neb- 
ula around SN 1961V is particularly dusty. For this rea- 
son, we further assume that the additional optical depth 
arises along the line-of-sight to SN 1961V within the host 
galaxy, and, ther efore, we apply the "LMC ave rage" ex- 
tinction law from iWeingartner fc Drain^ (|2001t ). 

In Figure S] we show our dust models, relative to the 
observed flux at V for Object 7 and the upper limits on 
the mid-IR emission from a dust shell. The prediction of 
the emission from the lower-optical-depth Mg2Si04 dust 
model is comfortably within the observed upper limits, 
while, admittedly, the MgFeSi04 model predicts that SN 
1961V should have been detected at 24 /im, although it 
would escape detection i n all of the IRAC band s (whereas 
all of the dust models bv lKochanek et aLll2011l exceed the 
observed limits, at least at 8 /im, if not in all of the IRAC 
bands). The situation for this latter model is further 
aggravated, of course, if we assume that Object 7 has 
Tcff = 40000 K, increasing the overall mid-IR luminos- 
ity from the dust shell. Regardless of the star's effective 
temperature, one could sidestep the lack of detected 24 
lim emission, however, by presuming, for instance, that 
the amorphous silicates in the shell are less Fe-rich, which 
is certainly possible. Another possibility is that the dust 
mass in the shell is less than what we have assumed, 
lowering the overall luminosity of the emission. Further- 
more, the geometry of the ejected matter from Object 7 
may be aspherical, asymmetric, or both (e.g., ~50% of 
known LB V nebulae appear to show a bipolar structure; 
I Weisl[200ll ) . In any event, we have shown, using both ob- 



servations of other SN impostors and what we consider 
to be a more realistic model of any dusty ejecta around 
the star, that the lack of mid-IR emission from SN 1961V 
alone, particularly across all of the Spitzer bands, is not 
a valid argument to eliminate the possibility altogether 
that it is a SN impostor. 

5. CONCLUSIONS 

Based on our analysis of the available data, we consider 
SN 1961V (stiU) to be a SN impostor and that Object 
7 is the survivor of this event. All of the arguments we 
have made above, as part of this analysis, support this 
conclusion. We have also attempted to dispel several er- 
roneous suppositions about the nature of this event. The 
survivor is clearly observed in very recent years to exist. 
The star quite plausibly has the properties of a quiescent, 
massive LBV. The star has not yet exploded and is not a 
radio SN. The star is surrounded by a circumstellar shell 
or nebula, however, this she l l is no t nearly as dusty as 
required by IKochanek et al.l (|201lD and previous inves- 
tigators. We find that the visual extinction to Object 7 
is in the range Ay = 1.8-2.3 mag, and we suggest that 
most of this extinction is arising from the interstellar 
medium along our line-of-sight within the host galaxy, 
rather than from the shell itself. As a result, therefore, 
the shell need not be nearly as luminous an IR emitter 
as r] Car. This conclusion is further supported by the 
mid-IR observations of other SN impostors. 

The positional proximity of Object 7 to SN 1961V, 
and the positional offset between SN 1961V and the ra- 
dio source centroid, are both inescapable facts. The only 
conceivable way to counter the former fact is to conclude 
that Object 7 is either a physical or an optical double 
to the progenitor of an actual SN. This, of course, is 
possible. The uncertainty alone in the absolute position, 
O'.'l, corresponds to ~ 5 pc, certainly allowing for the 
possibility, in the relatively crowded cluster environment 
of SN 1961V, that Object 7 is merely a neighbor to the 
progenitor. Also, the probability of core-collapse SNe 
for high-mass s tars in binaries is relatively high (e.g., 
lKochanek|[2009( ). Ahhough, if Object 7 were the binary 
companion to the star that exploded, we might expect 
Object 7 to have been stripped or otherwise affected by 
what would have been a very powerful explosion, poten- 
tially leading to an unusual brightness or color. This is 
not supported by the available photometry or inferred 
luminosity of Object 7. Instead, it appears to have the 
properties of a "run-of-the-mill," evolved, high- mass star. 
Nonetheless, the positional offset between SN 1961V and 
the radio centroid is insurmountable — these two are not 
one and the same, which is essentially at the heart of the 
case that has been made for SN 1961V being a true SN. 

No need exists for the supposed core-collapse explo- 
sion "hybrid" of a SN II-P and SN Il n. Furthermore, we 
disagree with the statement made bv lSmith et al.l ()2011[ ) 
that SN 1961V is somehow unique among the impostors. 
It ha s direct analogs in both SN 2000ch ( W agner et al.l 
I2OOI iPastorello et al.' 'w W] and SN 200 9ip in NGC 
7259 ([Smith et al. 2010; F olev et al.ll201L) . specifically 
in terms of the inferred expansion velocities at eruption 
and of the light curve behavior. The recent, more pow- 
erful revival of SN 2000ch displays "un usually" high ve- 
lociti es (FWHM) of 1500-2800 km s"! (jPastorello et al.l 
1201 0() . SN 2009ip shows blueshifted Hei absorption at 
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3000-5000 km s-\ which iSmith et all (|20100 speculate 
for SN 2009ip could be due to a fast blast wave, which 
occurred quasi-contemporaneously with the origin of the 
slower ejecta. SN 2000ch exhibits multiple P Cygni ab- 
sorption components, with profile edges up to 3000-3500 
km s^^. A sustained high-luminosity pre-eruption state 
was seen for both SNe 2000ch and 2G09ip; SN 2000ch 
was at Mr 2± —10 .7 mag prior to the 2000 eruption 
(jWagner et al.ll2004[ ). and SN 2 009ip had a pre-eru ption 
luminosity of My ~ -10 mag ()Smith et alJl2010D . Al- 
though not nearly the Mpg « — 12 mag brightness of SN 
1961V, both SNe 2000ch and 2009ip, therefore, both may 
also have been in a super-Eddington phase prior to their 
giant eruptions. Even though the line widths were dif- 
ferent, it is interesting to note that the Ha line profiles, 
in particular, of SN 1961V (Zwickv 1964; see his Figure 
2) and SN 2000ch f Wa gner et all 120041: see their Figure 
7), near maximum of the 2000 eruption, were very sim- 
ilar — a sharp drop-off to the blue wing and extended 
wing to the red. The Ha emission line in 2002 for Ob- 
ject 7/SN 1961V also showed a similar asymmetric profile 
(and, we emphasize that this profile had a very similar 
shape as the muc h broade r line profile for SN 1961V in 
1962, as shown bv lZwickvl ). A possible explanation could 
be the effects of dust extinction in the expanding ejecta, 
although we have shown that the extinction from the 
ejecta is likely relatively modest for SN 1961V. A de- 
tailed analysis of this effect should be explored, although 
we consider this to be beyo nd the scope of this p aper. 

We do agr ee with ISmith et all (|2011l ) and 

iKochanek et al.l ()2011[ ). however, that the "undu- 
lations" in SN 1961V's post-maximum light curve 
may well have arisen from the blast wave overtaking 
previously-ejected shells of matter ahead of the shock. 
We speculate here that the star was already in a 
sustained, eruptive outburst prior to 1960 and that the 
onset of the super-outburst, which peaked in luminosity 
in 1961 December, could possibly have been due to the 
interaction of the fast- moving (■~2000 km s"'^), dense, 
massive shell with the pre-existing, slower, less dense 
mass loss. A potential analog is the behavior of the 
SN Iln 1994W in NGC 4041 — IDessart et all (pOOflh 
modeled the high luminosity, sustained plateau, and 
sudden drop-off of this SN as the interaction of a fast 
(> 1500 km s~^), dense shell interacting with a slower, 
less dense shell. Furthermore, both the brief and more 
sustained plateaus in the SN 1961V light curve could 
have arisen from the interaction of the fast blast wave 
with various regimes of previously ejected matter, or to 
periods of partial recombination in the expanding ejecta, 
analogous to the recombination wave in SN II-P ejecta. 
Alternatively, these plateaus could also have been due 
to su bsequ ent lesser eruptions by the star (Humphreys 
et al. [l999l ). The fast -moving massive shell radiated for 
many years afte r the s uper-outburst, albeit more faintly. 
[Goodrich et al.l (|1989[ ) detected the broad emission-line 
component at — 2.2 x 10~^^ erg cm~^ s~^ in 1986. 



We can set a limit on detection of this component in the 
ffST/STIS spectrum from 2002 at F^a < 3 x lO^^^ erg 
cm~^ s~^ (see Figure [3l). 

It is correct to point out the similarities in the va- 
riety of SN impostor and SN Iln properties. The two 
are very likely intimately intertwined, as we now know 
that at least one SN Iln arose from a SN impostor (SN 
2005gl; IGal-Yam et alMWA IGal-Yam fc Leonardl[2?)Ml . 
The SN Iln are also a diverse class of objects (if the term 
"class" is truly applicable in the case of such heterogene- 
ity), and it is still not clear how many SNe Iln have, 
in fact, really been impost ors. For instance, S N 1994W 
itself may be an impostor (jPessart et al.l [20091 ). 

Obviously, we have extrapolated fairly extravagantly 
from two photometric measurements of Object 7 from 
recent HST data. We have had to assume that the col- 
ors for the star from 1991 are applicable to 2008 as well. 
What is ultimately required is a set of deep, multiband 
optical and near-IR observations of the SN 1961V en- 
vironment using the modern HST with the Wide Field 
Camera 3, which would vastly improve upon the pre- 
furbishment WF/PC-1 images and the motley assort- 
ment of WFPC2 and unfiltered STIS image data ana- 
lyzed to date. Such future observations would only re- 
quire a rather modest investment of HST time — to im- 
age in BVRIJH at S/N > 10 would require only 3 or- 
bits. Looking beyond HST, observations with the James 
Webb Space Telescope, particularly with the Mid-IR In- 
strument (MIRI), would reveal the actual dust emission 
from the surviving star. This object has clearly garnered 
much attention and speculation over the decades and 
continues to provide us with invaluable insights into the 
evolution of the most massive stars. With these space- 
based data, the definitive nature of the SN 1961V pre- 
cursor may well be established once and for all. 

Finally, NGC 1058 should continue to be regularly 
monitored by SN searches in nearby galaxies. For Ob- 
ject 7 as the SN 1961V survivor, we might expect , 
much as was the case for SN 2006jc ()Folev et al.ll2007l : 
pastorello et al. 2007) , that the star will truly explode as 
the SN that we believe other authors have erroneously 
concluded has already occurred. The super-outburst 
from the 1960s could well be the forerunner of a core- 
collapse event. It is possible that the star will explode 
as a hig h-luminosity, hydrogen-rich SN Iln , such as SN 
2006gy fO fek et al.lf2007t ISmith et al.ll2007[) . or as a more 
helium-rich SN Ibn, s uch as SN 2006jc (as suggested by 
IKochanek et al.ll201lD . 

This work is based in part on archival data obtained 
with the Spitzer Space Telescope, which is operated 
by the Jet Propulsion Laboratory, California Institute 
of Technology under a contract with NASA. We thank 
Roberta Humphreys, for her comments, and the referee, 
whose recommendations helped improve the manuscript. 
We also thank Chris Kochanek for correcting us on our 
use of "r" in the DUSTY modehng. 
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Peak contour flux = 7.9142E-05 JY/BEAM 
Levs = 3.000E-05 * (1 , 1 .500, 2, 2.500, 3) 

Fig. 1.— HST/STIS unfiltere d 50CCD image of the SN 1961V site from iChu et al.l ll200l) . obtained from the archive. S ource numbering 
is the convention from FiUppe nko et af] (|T995) and Van Dyk ct al. (2002'). The contours are the 6 cm radio data from [Stockdaie et aij 
11200 II ). which we have reanalyzed. Contour levels arc (1, 1.5, 2, 2.5, 3)x0.03 mjy/beam. The white cross represents the accurate absolute 
optical position of SN 1961V from iKleniola 11986.') and is shown at 2x the actual positional uncertainty. 



SN 1961V Survived 



11 




Fig. 2.— HST/WFPC2 image of the SN 196iy site fr om 2008, obtained from t he archive, (a) in F555W, and (b) in F658N. Source 
numbering is the convention from iFilippenko et al.l 119951) and I Van Dvk et al.l 120021 ). North is up, and east is to the left. 




Fig. 2. — Continued. 
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Fig. 3.— A re-extraction of the HST/STIS spectrum {solid line) of SN 1961V obtained bv lChu et at] l(200l l in 2002, showing the only 
distinct emission hne visible in that spectrum, i.e., H«. We have fit both the broad and narrow profiles of the line with the combination 
of two Lorentz functions (dashed line; see text for details). We also show t he limit on t he detection of the ver y broad (~2000 km s"!) 
component to the emission line (dotted line), first observed bv lZwickvl 111 964 ) and later bv [Goodrich et al] II1989I ). 
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Fig. 4. — U pper limits to the fiux densities in the Spitzer IRAC and MIPS 24 /im bands {open triangles) at the exact positio n of SN 
1961V l|Klem ola 1986). Also shown are measurements (and upper limits to detection) in some or all of these bands ( Van Dvk & M athesor] 
1201111 for the "impostors" SN 1954J/Variable 12 {green filled pentagons), SN 1997bs {magenta filled triangles), SN 1999bw {blue filled 
circles), and SN 2000ch {red filled diamonds). Additionally, we show the ob served SEP for r ) Car (Morris ct al. 1999; cyan dot-dashed line). 
Finally, we show model SEDs generated using DUSTY (|Ivezic &: Elitzurl 119971 : llvezic. Nenkova. fc Elitzun ,1999 : .Elitzur fc Ivezig i2001i '). 
assuming a spherical shell of inner radius Ri^ ~ 2.7 X 10^^ cm and thickness AR/Ri^ = 0.05, around a central illuminating source assumed 
to be a T = 30000 K blackbody with luminosity L 10® L0; the dust in the shell is assumed to consist of amorphous silicates, either 
Mg2Si04 1 Jag er et al. 2003; long-dashed line) or MgFeSi04 (Jager ct al. 1994, Dorschncr et al. 1995; short-dashed line). We also assume 
additional extinction, following the "LMC average" law from Weingartner & Drainc (2001), in the foreground within the host galaxy along 
our line-of-sight. The total visual extinction for the models is assumed to be the midpoint value in the range Ay = 1.8—2.3 mag, and the 
models are normalized to the V = 24.77 mag brightness of the SN 1961V survivor. Object 7 {open square). See text. 
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Fig. 5. — Hertzsprung-Russell diagram, showing the approximate locus of properties for our hypothetical model survivor of SN 1961V at 
quiescence {shaded region). Also shown are theoretical ev olutionary tracks for subsolar metallicity {Z = 0.008) at 120 {short-dashed line), 
85 {dot-dashed line), and 60 M (r) {long-dashed line), from lLeieune fc Schaereil | |2001| ) . This figure intentionally emulates a similar figure in 
[Humphreys & Davidson! II 1994 ; their Figure 9) for direct comparison. 



